Abstract -Studies on the interaction of genetic and environmental effects on floral morphogenesis in peach trees grown in humid subtropical climate provide important information related to adaptation and for assisting in the selection of new cultivars. This study aimed to verify the genetic and environmental effects and to identify peach tree genotypes with greater shoot length, vegetative bud, flower bud density adaptability and stability under humid subtropical climate conditions. Twelve peach tree genotypes were evaluated over a period of eight years, during the growing season (2006/07 to 2013/14) in Pato Branco-PR, Brazil. Data were collected for shoot length (SL), flower bud density (FBD) and vegetative bud density (VBD), as well as temperature, humidity and precipitation. For the analysis of adaptability and stability we used GEE Biplot methodology. SL was influenced by the temperature and relative humidity. Increased exposure time to temperatures below 20 °C and above 30 °C, high thermal amplitude and relative humidity of less than 50% reduced shoot growth. VBD and FBD were predominantly controlled by the genetic factor. For VBD, the genotypes 'Cascata 1055' and 'Conserva 681' were the most adapted. For FBD, the genotypes 'Cascata 1055', 'BRS Bonão', 'Conserva 681', 'Cascata 967' and 'BRS Kampai' presented better adaptability. The genotypes more adapted to the FBD can be recommended for cultivation in the humid subtropical climate, since they also present greater stability in the production of fruits, independently of the meteorological conditions that occur during the vegetative and reproductive season. 
Introduction
The peach tree [Prunus persica (L.) Batsch] is a species originated from temperate climates, but it is now widely cultivated in subtropical and tropical regions (LEITE, PETRI and COUTO, 2014) . Its expansion into theses regions was permitted largely due to genetic improvement research, which was conducted to reduce the chilling requirement (SCARIOTTO et al., 2013; RASEIRA and FRANZON, 2014) .
Humid subtropical climate regions present mild winter characteristics, with a large thermal range, and summers with elevated temperature and precipitation levels, favouring excess vegetative growth. In these regions, there is a large yearly variation in accumulated chilling units during the peach tree dormancy period and considerable risk of late frost, especially in regions of higher altitude. These environmental effects often hamper the adaptation of the species and make cultivars recommendation difficult (CITADIN et al., 2001; CITADIN et al., 2014) .
With the obtainment of peach tree cultivars with a low chilling requirement, there has been a reduction in flowering and sprouting heterogeneity. However, problems still persist, such as low fruit set, low fruitification and/ or production irregularity, which could be related to three environmental effects: 1) the occurrence of temperatures above 25 ºC during the pre-flowering period and flowering (in the winter), these cause a delay in the formation of the female gametophyte, causing anomalies in their formation (NAVA et al., 2009; COUTO et al., 2010) ; 2) The occurrence of elevated temperatures during November/ December, which coincides with the period of induction and floral differentiation in the southern hemisphere, this can cause the formation of blind buds due to the inhibition of floral differentiation, resulting in a reduction in flower bud density (MONET and BASTARD, 1971; BANGERTH, 2006) ; and 3) the occurrence of frost during the flowering period until the hardening of the endocarp of the fruit (ASSMANN et al., 2008) .
There are almost no studies on genetic and environmental effects and their interactions on floral morphogenesis and the stability of bud formation in peaches cultivated in subtropical climates (PÉREZ, 2004; LI et al., 2010) , especially in humid subtropical climate. The adequate formation of floral buds is of great importance, as it is the first component of yield in fruit plants. Once affected it can trigger failures in the subsequent stages, resulting in a yield reduction (WERNER et al., 1988; ALBUQUERQUE et al., 2004) . The number of floral buds should also be stable throughout the production cycle, regardless of the climatic variations that occur, to avoid large yield variations between years.
Therefore, understanding the factors that affect the morphogenesis of floral buds in peach plays an important role in the selection of the best adapted cultivars for the cultivation sites (OKIE and WERNER, 1996; KODAD and COMPANY, 2008) . In this sense, the use of new tools that assist the study of adaptations and stability in peach tree, such as assessment of the use of bud density and shoot growth, can be useful for genetic improvement programmes, because they can support the selection, and the indication of new genotypes (PÉREZ, 2004; ENGIN and ÜNAL, 2007) .
The use of the Biplot methodology proposed by Gabriel (1971) , for the analysis of adaptability and stability of genotypes, and improved for the GGE Biplot methodology by Yan (2000) , has been widely used in the genetic improvement programmes of several species. This methodology permits in a clear way the visualisation and distinction (even with a large number of genotypes and environments) of the most stable and adapted genotypes and the performance of each genotype in relation to each environment (YAN and HOLLAND, 2010; SILVA and BENIN, 2012) .
This study aimed at verifying the genotype and environmental effects under the bud morphogenesis in peach trees, cultivated in a humid subtropical climate, as well as the length of shoots, the final density of flowers, and vegetative buds, in order to identifying genotypes with the greatest adaptability and stability in relation to bud density.
Material and methods
The experiment was conducted in the experimental orchard of the Federal Technological University -Paraná, Pato Branco Campus (26°10'38'' S, 52°41'21'' W, altitude 764 m). The climate according to the Köppen classification is a type Cfa, with an average of 225 hours below 7.2 ºC or 700 hours below 12 °C, accumulated between May and September (SCARIOTTO et al., 2013) , and average annual precipitation of 1600 to 1800 mm (IAPAR, 2017) .
Twelve peach tree genotypes were evaluated, all of which were provided by Embrapa Clima Temperado, where were cultivated in advanced selections of low and medium chilling requirement ( Table 1) .
The peach trees were grafted onto 'Aldrighi' rootstock (originating from seeds) and the planting was carried out in 2004 and 2005, with a 4 x 6 m spacing, with rows running north to south. The plants were trained in an open vase system and the management was carried out according to the crop recommendations, with the use of green pruning during the summer period and light pruning of the fruit-bearing shoots during the winter period (PEREIRA and RASEIRA, 2014) .
The field evaluations were conducted in the years of 2006 to 2014, with three plants per genotype (replicates), using five shoots a year per plant, distributed throughout the perimeter. The shoots length (SL in cm), flower buds number (FB) and vegetative (VB) buds were recorded. These data were used to calculate the density of the vegetative (VBD) and flower buds (FBD), through the equations: VBD = (n° VB)/SL (cm) and FBD = (n° FB)/SL (cm). The results were expressed as the number of buds per centimetre of shoot (buds cm -1 ). The experiment was conducted in a 12 x 8 factorial scheme, in a completely randomised design, with genotypes (fixed effect) forming the first factor and year or environment (random factor) the second factor.
Data were also obtained hourly for precipitation, relative humidity and temperature through the meteorological station of the Paraná Meteorological System (SIMEPAR), located eight kilometres from the orchard. The sum of chilling hours (<12 °C summed from May to July) was calculated. The period from August 1 st to February 28 th was considered as the vegetative growing season (the period in which most plant development occurs). Taking into account this vegetative growing season, the number of hours with temperatures below 20 °C (Σh <20 °C), between 25-30 °C (Σh 25-30 °C) and above 30 °C (Σh> 30 °C) were summed. Thermal amplitude (the difference between the maximum and minimum temperature); the number of hours with a relative humidity (RH) below 50% (Σ h RH <50%) and above 70% (Σh RH> 70%); and the cumulative precipitation (C.P.) were also recorded
The data for SL, FB, VB, VBD and FBD were initially submitted to normality analysis by the Lilliefors test and homogeneity by the Bartlett test. Verification of the interaction genotype x environment was done through analysis of variance, using the GENES software application (CRUZ, 2013) . Once the assumptions of the mathematical model were met, the analysis of the adaptability and stability was conducted using the GGE Biplot methodology (YAN, 2000) , using R software (DEVELOPMENT CORE TEAM, 2015) , through the GGE Biplot GUI package (BERNAL, 2015) .
The GGE Biplot methodology is based on the model: Ɣ ij -ÿ j = ɣ 1 ε i1 ρ j1 +ɣ 2 ε i2 ρ j2 +ε ij , where Ɣij represents the mean of the variable for genotype i in year j; Ÿj is the overall mean of the variable for genotypes in environment j. Ɣ 1 εi 1 ρj 1 represents the first principal component (PC1). Ɣ 2 εi 2 ρj 2 +εij represents the second principal component (PC2). y 1 and y 2 are the self values associated with PC1 and PC2. εi 1 and εi 2 are the PC1 and PC2 scores for genotype i. pj 1 and ρj 2 are the self values associated with PC1 and PC2 for year j. εij is the ij error associated with the model (YAN et al., 2007) . The interpretation of the results was made based on the 'which-won-where' comparison of the GGE Biplot method, described by Yan and Tinker (2006) , Yan et al. (2007) and Silva and Benin (2012) .
One of the ways of observing the adaptation of a genotype to a given environment is verified through the angle formed between the genotype and year, starting from the origin. When the angle formed between them is less than 90°, it is said that there is adaptation of this genotype to the environment and if the angle formed between them is greater than 90°, there is no adaptation of this genotype. This is because the graphical representation of the method is the result of the analysis of the decomposition of vector product values through the cosine of the angle between two vectors (YAN and TINKER, 2006; YAN et al., 2007; SILVA and BENIN, 2012) . Regarding the stability, genotypes closer to zero in relation to PC2 indicate that the genotype is more stable (SILVA and BENIN, 2012) .
Results and discussion
The SL, VBD and FBD data presented normality and homogeneity according to the Lilliefors and Bartlett tests, respectively and, therefore, their transformation was not necessary. For all the analysed variables there was a significant interaction between genotype and year (G x A), identified by the F test (p≤0.01), which is a necessary assumption for the use of GGE Biplot analysis.
The GGE Biplot analysis identified that for the variable SL, approximately 68% of the variation can be explained by the first two principal components (PC), with 45.77% of the variation linked to PC1 and 22.31% linked to PC2 (Figure 1 ). These results indicate that there is a significant environmental effect (through genotype x environment interaction) in SL, as shown by the high value of PC2, and also by the wide distribution of season and genotypes between mega-environments ( Figure 1 ).
Under the humid subtropical environmental conditions where the study was conducted, the genotypes 'Cascata 967', 'BRS Bonão', 'Cascata 1055', 'Conserva 681' and 'Olímpia' can be considered adapted for SL, as they were stable between the evaluated season ( Figure 1 ). The genotypes 'Atenas', 'Tropic Beauty', 'Santa Áurea', 'BRS Libra', 'BRS Kampai and 'BRS Rubimel' were considered to have low adaptation and high instability in the evaluation of adaptability and stability of the SL, the 2006/07 and 2009/10 season came closest to being considered ideal for homogeneity of the genotypes response to these environments, making them more stable seasons. The 2013/14 season was the most unstable, with a greater genotype separation, however, the season presented the lowest SL among the evaluated cycles.
In the 2009/10 season, the genotypes showed an increase in SL to approximately 45 to 50 cm (Figure 2) , this may be a detrimental feature for plant management, as it can, for example, increase the requirement for onerous pruning techniques (GONÇALVES et al., 2014) . Another problem related to high SL is that it may interfere with the quality of fruit produced, as bigger and more vigorous shoots tend to produce smaller and less sweet fruit. Rodrigues et al. (2009) , report that shoots of approximately 30 to 35 cm are closer to the ideal, because they generally present lower vigour and a higher density Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 5: (e-420) of productive buds. However, contrary to Rodrigues et al. (2009) , it was observed that several genotypes did not show abrupt variations in bud density, even in cycles that presented greater SL (Figure 2 ). Even in seasons with greater SL, as was the case in 2009/10, with approximately 10 cm more on average, the bud densities remained almost unchanged (Figure 2) . These results corroborate with those of Li et al. (2010) , who observed variation in shoot length in Prunus avium L. grown in different climate types, however, the flower bud density did not differ significantly among the evaluated sites.
The large variation in SL between the evaluated season occurs largely due to environmental influence and its variations during the study period, both during the dormancy period and during the period of vegetative growth, especially due to the temperature and precipitation conditions. This because the occurrence of higher temperatures associated with water availability, and high soil fertility, increase the length of shoots (DAVIDSON et al., 2015) . In the winter of 2008 there was the lowest chilling accumulation recorded among the evaluated years, with 338 hours below 12 °C (Table 2) , which was not sufficient to supply the chilling requirement of most genotypes (Table 1) . Under these conditions, the genotypes in 2008/09 presented one of the lowest SL among the evaluated cycles, with the exception of the 'Atenas' cultivar, which was the only genotype that displayed adaptability to the 2008/09 environment (Figure 1) , with a significant increase in SL (Figure 2) .
In previous studies, a reduction in the vegetative budding rate, a reduction in the formation of productive shoots and an increase of rosette-type branches (which are less productive), have been shown in years with insufficient chilling accumulation during the peach tree dormancy period (SCARIOTTO et al., 2013) . For the rest of the 2008 season (2008/09), there were no large variations in Σh <20 °C, Σh 25-30 °C, Σh <20 °C or Σh >30 °C ( Figure 3A) , and the maximum, mean and minimum temperatures ( Figure 3B ) in relation to the anterior or posterior season. However, during the rest of the 2008/09 season there was a high thermal amplitude ( Figure 3C ), the lowest cumulative precipitation (700 mm) in relation to the other seasons ( Figure 3D) , and an increase in the Σh RH <50% (Figure 2E ), impairing SL at the end of the season at the time of evaluation (Figure 2 ).
In the winter of 2013, even though there was satisfactory chilling accumulation, there was intense late frost at the end of August (Table 2) . At this time all genotypes had already presented established sprouting (Table 1) , therefore, the normal development of shoots during the rest of the season was impaired and the SL was lower (Figure 2) .
Conversely, during the 2009/10 season, there were favourable factors for shoot growth, with high precipitation (1400 mm), because during this season there were a greater number of hours with RH >70% and a low thermal amplitude, high value of Σh 25-30 °C. This provided a favourable environment for an increase in gas exchange, the formation of assimilates and increased production of organic compounds, resulting in an increase in SL (Figure 2) .
Other studies have also found a higher shoot growth rate in peach trees due to greater water availability and RH >60% associated with temperatures around 25 °C (MONET and BASTARD, 1971; BERMAN and De JONG, 1997; BESSET et al., 2001; SOLARI et al., 2006; ANDREINI and BARTOLINI, 2008) .
Temperatures <20 °C, during the vegetative growth season, may retard shoot growth (FAUST, 2000) . This was observed in the seasons in which there was a change in the number of hours recorded at this temperature range, as in the season that showed a reduction from 2500 of Σh <20 °C to Σh <20 °C, 2000 and 2200 hours respectively (Figure 3 ).
Hot and humid climate conditions in China increase the formation of long and vigorous shoots (>60 cm) and lower production of sweet cherry (Prunus avium L.), in comparison with mild and dry climate regions, where a greater number of more productive medium and short shoots occur (LI et al., 2010) . Apricot shoots with high vegetative growth showed smaller and sparser flower buds, higher floral abortion and flowers with underdeveloped pistils that do not sustain the germination of pollen. In short shoots (20 to 30 cm) the flowers have adequate morphological development (JULIAN, et al., 2010) . These results indicate that more vigorous shoots generate less fruit production than smaller shoots.
For VBD and FBD the opposite behaviour was observed for SL, since the GGE Biplot analysis showed that the genotypic effect (genetic influence) was predominant over the environmental effect. This is because more of the variations of the analysis were linked to PC1 for both characteristics (≈86 and 87%, respectively), than to PC2 (Figure 4A, 4B) .
For VBD, the genotype 'Cascata 1055' and 'Conserva 681' showed adaptability for all of the evaluated years, and can therefore be considered the most adapted. 'Tropic Beauty' and 'Tropic Snow' presented high VBD, however, the genotypes were more unstable when compared to the others ( Figure 4A, Figure 2 ). The genotypes 'Atenas', 'Olímpia', 'BRS Bonão', 'BRS Kampai', 'BRS Libra', 'Cascata 967' and 'BRS Rubimel' presented good stability, but had the lowest VBD among the evaluated genotypes ( Figure 4A, Figure 2 ). In the adaptability and stability evaluation of the VBD, the 2008/09 cycle was the closest to what was considered ideal, as it was the most stable and presented a high overall mean. The 2007/08 and 2006/07 cycles were the most unstable, thus, they better separated the genotypes ( Figure 4A ).
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The major genotypic influence over environment on VBD is also demonstrated by the marked VBD difference between the genotypes, varying from 0.33 to 0.77 buds cm -1 (Figure 2) . The high or reduced VBD has influence on crown vigour. Low VBD can result in a risk of uneven and insufficient shoots. According to Gordon et al. (2006) 0.3 to 0.4 vegetative buds cm -1 may represent excess canopy vigour in peach trees. In our study it was observed that the VBD was equal to or higher than the value indicated by the authors, observed in our study area, since the evaluated genotypes have excessive vegetative growth (Figure 2) .
Most of the genotypes showed good stability for FBD (Figure 4B ), despite the climatic variations that occurred in the evaluated years (Figure 2, Figure 3) . These results corroborate those obtained by Okie and Werner (1996) , who concluded that flower buds density is fundamentally driven by genotypic variation, while the environment has a low influence on it.
Considering the interpretation that the angle formed between the genotype and the cycle should be <90º (YAN et al, 2007) , high adaptation and good stability for FBD was observed for the genotypes 'Cascata 967', 'BRS Bonão', 'Conserva 681', 'BRS Kampai', because they presented adaptability in most of the evaluated seasons (Figure 2,  Figure 3 ). The genotype 'Cascata 1055' presented a high bud density, however, it presented instability in some of the seasons (Figure 2, Figure 3 ).
Despite showing a lower FBD the genotypes 'BRS Rubimel', 'Santa Áurea' and 'Tropic Beauty' were considered stable, while the genotype 'Atenas' showed to have lower instability ( Figure 2B ). In the FBD adaptability and stability assessment, the season of 2013/14 was the closest to what was considered ideal, as it was the most stable and presented a high overall mean. The 2010/11 season was the most unstable, thereby permitting better separation of the genotypes.
The high genotypic response of the bud densities is largely due to the lack of extreme environmental stress conditions or imbalance in the plants, which can affect bud density more drastically. A significant factor that acts on flower bud formation, and contributes to final flower bud density, is the carbon/nitrogen ratio (C/N) (TROMP, 1980; MEDIENE et al., 2002) . These authors report that if the C/N ratio is moderately high then floral induction occurs, however, if it is low, it promotes vegetative growth. According to Faust (2000) , there is an inverse relation between vegetative growth and the formation of flower buds.
According to Bernier (2005) , the temperature is directly linked to the floral differentiation phase, in that mild temperatures favour flower bud formation, while high temperatures cause adverse effects, resulting in bud formation anomalies (SHEN et al., 1999; Faust, 2000) . This fact was supported in this experiment, where the occurrence of mild temperatures was predominant during the evaluation period ( Figure 3A ). According to Li et al. (2010) , flower bud differentiation in Prunus avium L., was slightly accelerated and early when cultivated in hot and humid regions, in comparison with those cultivated in milder and drier climates.
Temperature affects biochemical and metabolic processes. Generally, temperatures slightly above 25 °C, tend to accelerate the metabolism and the differentiation of buds. In contrast, temperatures of 30 to 35 °C are capable of paralysing the formation, or can even cause bud abortion (BEPPU et al., 2001 ). However, a low sum of hours between these temperature ranges was observed, which did not affect bud density in this study. 
Conclusions
The variable shoot length is influenced by the environmental conditions: temperature and relative humidity of the air;
The flower and vegetative bud densities are controlled primarily by the genotypic factor;
The increase in exposure time to temperatures below 20 °C and above 30 °C, high thermal amplitude and a relative humidity of less than 50% reduce shoot growth;
For vegetative bud density the genotypes 'Cascata 1055' and 'Conserva 681' were the most adapted;
For the flower bud density the genotypes 'Cascata 1055', 'BRS Bonão', 'Conserva 681', 'Cascata 967' and 'BRS Kampai' presented better adaptability and may be preferentially cultivated in the region of Pato Branco -PR.
